TITLE OF INVENTION 

POUCH TYPE SECONDARY BATTERY WITH SAFETY VENT 
CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the priority of Korean Patent Application No.2002-49208, filed on 
August 20, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a secondary battery, and more particularly, a pouch type 
secondary battery with a safety vent, which can prevent explosion and fire. 

Description of the Related Art 

[0003] Secondary batteries are generally rechargeable and can be made into a smaller size 
with high capacity. Typical examples of secondary batteries include nickel-metal hydride (Ni- 
MH) batteries and lithium (Li) secondary batteries. 

[0004] Secondary batteries are classified into cylindrical batteries using a cylindrical aluminum 
can, rectangular batteries using a rectangular aluminum can, and pouch type batteries 
accommodated in a thin-film pouch type casing, according to the outer appearance of a casing. 

[0005] Specifically, a pouch type battery is fabricated by encasing an electrode assembly which 
generates current in a pouch casing made of a flexible film material, and sealing the same. 
When the internal pressure of such a pouch type battery increases due to overcharge, gas is 
released, which may cause swelling and explosion of a battery pack. In particular, when a 
lithium ion battery is overcharged, decomposition of a liquid electrolyte leads to a release of gas, 
such as carbon dioxide or carbon monoxide, increasing the internal pressure of the battery. 
Also, if over-current flows through a battery due to overdischarging or short-circuit, the internal 
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pressure and temperature of the battery increase, leading to a risk of fire, which is a serious 
problem from the safety point of view. 

[0006] In order to ensure safety, such secondary batteries must meet temperature requirements 
for charge and use. Under severe use conditions, that is, when the temperature during 
charging/discharging or the operation temperature of a device using batteries is excessively 
high, the internal temperature of a battery rises, resulting in explosion and fire. 

[0007] Thus, in view of safety, manufactured secondary batteries are subjected to various 
safety tests, including tests of safety against overcharge or forced discharge, and thermal safety 
tests such as high temperature storage testing, thermal shock testing or thermal exposure 
testing, before commercial distribution. The thermal safety tests are carried out by allowing 
batteries to stand under various temperature conditions for a plurality of minutes to a plurality of 
hours. Even under such conditions, explosion and fire do not occur in batteries meeting safety 
requirements. However, in extreme cases, a battery seal is removed, thus preventing explosion 
and fire. 

[0008] Various attempts have been made to overcome such a safety problem in secondary 
batteries . In particular, techniques have been vigorously sought to remove internal gases of a 
battery by installing a safety vent on a battery pack. By way of example, Korean Patent 
Publication No. 98-44210 discloses a secondary battery configured to provide a separate gas 
outlet or check valve made of a material having a low burst resistance at a front upper end of 
the battery. The gas outlet is designed to be ruptured or to exhaust internal gas through the 
check valve when the battery is swollen due to overcharging or overdischarging. However, the 
necessity of providing a separate device at the upper end of the battery requires an additional 
process in the manufacture of batteries, deteriorating manufacturability. 

[0009] U.S. Patent No. 4,678,725 discloses that a thermally fusible portion of an electrode tap 
provided at the upper end of a battery ruptures, when the internal pressure rises to a 
predetermined level of pressure, to allow internal gas to be exhausted outside the battery. 
However, according to this technique, installing a separate safety vent requires modification of a 
battery pack, and it is necessary to manufacture a separate casing that is different from a 
conventional casing. Even though the conventional casing is used, since the safety vent has a 
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unsealed portion, arid a clip is placed on the unsealed portion, the burst strength of the clip must 
be taken into consideration for adhesion, increasing the number of processing steps and 
deteriorating breaking reliability. 

[0010] Japanese Patent Laid-open Publication No. 2000-100399 discloses an outer film 
container of a polymer lithium secondary battery, wherein the outer container casing comprises 
thermally fusible layers adhered to each other to hermetically seal a space in which an electrode 
assembly is housed, and wherein a portion of the outer container casing is a breaking portion 
that fuses at a lower temperature than a temperature at which a non-breaking portion fuses, that 
is, the fusibility of the breaking portion is lowered. Accordingly, when the internal pressure of 
the battery is elevated to a predetermined value, the breaking portion is ruptured. 

[0011] However, it is quite difficult to reduce only the fusing temperature of the breaking portion. 
Also, adjusting a fusible bonding force at the breaking portion is quite difficult to achieve, which 
is disadvantageous in view of the manufacturability and the reliability of a safety vent. 

SUMMARY OF THE INVENTION 

[0012] Accordingly, the invention includes a pouch type secondary battery having a safety vent 
which can prevent explosion and fire by simply removing a sealing mechanism of a pouch 
casing when the internal temperature increases due to overcharging, overdischarging or over- 
heating. 

[0013] Also, the present invention includes a pouch type secondary battery having a safety vent 
which can exhaust internal gas before explosion and fire of the battery when the internal gas 
pressure excessively increases due to overcharging, overdischarging or internal short-circuit. 

[0014] In accordance with an aspect of the present invention, a pouch type secondary battery 
includes an electrode assembly having positive and negative electrode plates with a separator 
interposed therebetween, and positive and negative electrode terminals extending from the 
positive and negative electrode plates, respectively, a pouch casing having a space in which the 
electrode assembly is housed, wherein the space is to be sealed, a seal portion located at the 
periphery of the space, wherein at least one of the positive and negative electrode terminals is 
exposed to the seal portion, and at least one opening member is disposed at the seal portion 
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and made of a resin material having a lower melting point than the seal portion of the pouch 
casing. 

[0015] The opening member may have a flattened first end that faces the space of the pouch 
casing. Also, the first end is preferably connected to an internal end of the seal portion, facing 
the space of the seal portion at which the opening member is disposed. The opening member 
may be polygon shaped. Alternatively, the opening member may be triangular with one side 
facing the interior side of the seal portion at which the opening member is disposed, with the 
angle opposite the side being preferably in the range of 30 to 80°. Also, the opening member 
may be circular, elliptical or semi-circular. 

[0016] The thickness of the opening member in a direction perpendicular to the seal portion 
may be less than half of the width of the seal portion at which the opening member is disposed. 

[0017] Also, the opening member may be arranged under a half of the width of the seal portion 
at which the opening member is disposed. 

[0018] The positive and negative electrode terminals may be spaced a predetermined distance 
apart from each other and exposed outside the pouch casing via the seal portion, and the 
opening member may be interposed between the positive and negative electrode terminals of 
the seal portion. 

[0019] The pouch casing may have an adhesion layer made of a resin material on the internal 
face of the seal portion, and the opening member may be made of a resin material having a 
lower melting point than the melting point of the adhesion layer. Here, the opening member 
may be made of a polyethylene resin material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] These and/or other aspects and advantages of the invention will become apparent and 
more readily appreciated from the following description of the embodiments, taken in 
conjunction with the accompanying drawings of which: 

FIG. 1 is an extracted perspective view of a pouch type secondary battery according to 
an embodiment of the present invention; 
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FIG. 2 is an extracted perspective view of a pouch type secondary battery according to 
another embodiment of the present invention; 

FIG. 3 is a cross-sectional view of FIG. 2, taken along the line l-l; 

FIG. 4 is a plan view of an opening member shown in FIG. 2; 

FIG. 5 is a plan view of the pouch type secondary battery shown in FIG. 2; 

FIGS. 6 through 13 are plan views of pouch type secondary batteries according to other 
embodiments of the present invention; and 

FIGS. 14 and 15 illustrate the operation state of the pouch type secondary battery shown 
in FIG. 2. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0021] Embodiments of the present invention are described below with reference to the 
appended drawings. 

[0022] FIG. 1 is an extracted perspective view of a pouch type secondary battery according to 
an embodiment of the present invention. In FIG. 1 , the pouch type secondary battery according 
to the present invention includes an electrode assembly 10 having positive and negative 
electrode plates with a separator interposed therebetween, and a pouch casing 30 in which the 
electrode assembly 10 is housed. The electrode assembly 10 shown in FIG. 1 is a stacked 
electrode assembly in which positive and negative electrode plates are stacked with a separator 
interposed therebetween, but is not limited thereto. As shown in FIG. 2, the electrode assembly 
according to the present invention may be a jelly-roll type electrode assembly 20 in which 
positive and negative electrode plates are wound with a separator interposed therebetween. 
The jelly roll type electrode assembly may be applied to all embodiments of the present 
invention, which are described below. 

[0023] The electrode assembly 10 shown in FIG. 1 is typically used in polymer lithium 
secondary batteries. The positive electrode plate is formed by thermally compressing a positive 
electrode sheet containing a positive electrode active material comprising lithium oxide on at 
least one plane of a positive electrode current collector made of a metallic foil, e.g., an 
aluminum foil. The negative electrode plate is formed by thermally compressing a negative 
electrode sheet containing a negative electrode active material comprising a carbon material on 
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at least one plane of a negative electrode current collector made of a metallic foil, e.g., a copper 
foil. The electrode assembly 10 is housed in the pouch casing 30, and an electrolytic solution is 
impregnated into the electrode assembly 10, followed by sealing the pouch casing 30, thus 
manufacturing a secondary battery. 

[0024] In the stacked electrode assembly 10, as shown in FIG. 1 , an electrode tap 1 1 is drawn 
from each of the electrode plates, and an electrode lead portion 12 is welded to the electrode 
tap 11. In detail, a positive electrode tap 11a is drawn from the positive electrode plate and a 
positive electrode lead 12a is welded to the positive electrode tap 11a. Also, a negative 
electrode tap 1 1b is drawn from the negative electrode plate and a negative electrode lead 12b 
is welded to the negative electrode tap 1 1b. A polymeric protective tape 24 is adhered to each 
of the electrode leads 12a and 12b. The positive and negative electrode leads 12a and 12b 
form electrode terminals exposed outside the pouch casing 30 even after being sealed. 

[0025] As shown in FIG. 2, the jelly-roll type electrode assembly 20 according to another 
embodiment of the present invention is typically used in lithium ion batteries and is configured 
such that the separator (not shown) is interposed between the positive and negative electrode 
plates (not shown) and the resultant product is wound. The positive electrode plate is formed by 
coating a positive electrode composite slurry containing a positive electrode active material, 
e.g., lithium oxide, on a positive electrode current collector made of a metallic foil, e.g., an 
aluminum foil. The negative electrode plate is formed by coating a negative electrode 
composite slurry containing a negative electrode active material, e.g., a carbon material, on a 
negative electrode current collector made of a metallic foil, e.g., a copper foil. The jelly-roll type 
electrode assembly 20 is housed in the pouch casing 30 and sealed, excluding sealing of an 
electrolytic solution injection hole, followed by injecting an electrolytic solution through the 
electrolytic solution injection hole and sealing the electrolytic solution injection hole, thus 
manufacturing a secondary battery. 

[0026] An electrode tap 22 is drawn from each of the electrode plates of the jelly-roll type 
electrode assembly 20. In detail, a positive electrode tap 22a is drawn from the positive 
electrode plate and a negative electrode tap 22b is drawn from the negative electrode plate. 
Likewise in the stacked electrode assembly 10, a polymeric protective tape 24 may be adhered 
to each of the electrode taps 22a and 22b. The positive and negative electrode taps 22a and 
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22b are exposed outside the pouch casing 30 to be positive and negative terminals, 
respectively. 

[0027] As described above, the stacked electrode assembly 10 or the jelly-roll type electrode 
assembly 20, as shown in FIGS. 1 and 2, is housed in the pouch casing 30 having a space 33 
inside. The pouch casing 30 has a case body 31 recessed to provide the space 33, and a 
pouch cover 32 which covers the case body 31 to seal the space 33. One end of the pouch 
cover 32 extends from the case body 31 . In the case body 31 , a flange 34 at which the case 
body 31 is sealed with the pouch cover 32, is formed around the space 33, and the pouch cover 
32 is coupled to the flange 34 of the case body 31, thus sealing the space 33. As one end of 
the pouch cover 32 is connected to the case body 31, the space 33 is sealed with three side 
seal portions 35a, 35b and 35c, as shown in FIG. 5. However, the shape of such a pouch case 
is not limited to that described above. Although not shown, an electrode assembly may be 
housed in a pouch case with an opening at its one plane, and the opened plane is then sealed. 
In this case, there is one seal portion formed. The following description is given with reference 
to the pouch case, specifically the pouch case having a case body and a pouch cover. 

[0028] The pouch casing 30 of the pouch type secondary battery may be formed of laminates , 
having a metallic material and a resin material. As shown in FIG. 3, the case body 31 may be 
formed of compressed composite materials such that a thermal adhesion layer 31b is formed of 
denatured polypropylene, e.g., cast polypropylene (CPP), on the inner face of a foil 31a made of 
a metal, e.g., Al, and a resin material 31c made of a polymer resin, e.g., nylon or 
polyethyleneterephthalate (PET), is formed on the outer face of the foil 31a with the thermal 
adhesion layer 316 interposed between the foil 31a and the resin material 31c. The pouch 
cover 32 has the same structure as that of the case body 31. Thus, the pouch casing 30 can be 
sealed by thermal compression in a state in which the thermal adhesion layers 31b are 
contacted with each other. 

[0029] The pouch casing 30 having the above-described configuration and material has three 
seal portions 35a, 35b and 35c, as shown in FIG. 5. The first seal portion 35a is disposed 
opposite to a portion 35d, at which the case body 31 and the pouch cover 32 are connected to 
each other, and positive and negative electrode taps 22a and 22b of the electrode assembly 20 
are exposed thereat. The second and third seal portions 35b and 35c formed at either side of 
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the first seal portion 35a are folded along the dotted line shown in FIG. 5, thus reducing the size 
of a battery. FIG. 5 is a plan view of the pouch type secondary battery shown in FIG. 2, which is 
substantially the same as that shown in FIG. 1 . For the sake of convenient explanation, pouch 
type secondary batteries having the jelly-roll type electrode assembly 20 shown in FIG. 2 are 
described below with reference to various embodiments. However, pouch type secondary 
batteries having a stacked electrode assembly 10 may be arranged in a similar fashion. 

[0030] As shown in FIGS. 2 and 5, at least one opening member 41 is disposed in at least one 
of the seal portions 35a, 35b and 35c of the pouch casing 30, thus forming a safety vent 40. 
According to an embodiment of the present invention, the opening member 41 may be disposed 
between the positive and negative electrode taps 22a and 22b of the first seal portion 35a, but is 
not limited thereto. As will be described later, the opening member 41 may be formed at a 
lateral face of the pouch casing 30, that is, at the second or third seal portion 35b or 35c. 
Although not shown, the opening member 41 may be formed at a portion between each of the 
respective seal portions, that is, at a corner of the pouch casing 30. The opening member 41 is 
preferably formed at the center of each seal portion because the center of the seal portion is 
exposed to the most severe pressure and stress when the internal temperature and the 
pressure of the battery are elevated. 

[0031] In the present invention, the opening member 41 is made of a resin material having a 
lower melting point than the seal portion 35a at which the opening member 41 is disposed. This 
arrangement allows the opening member 41 to be melted earlier than the seal portion 35a of the 
pouch case 30 when the temperature of the battery is elevated, thus removing the sealing 
thereat. Hence, in the case where the pouch case 30 includes the thermal adhesion layers 
made of CPP and the seal portions are formed from the thermal adhesion layers connected to 
each other by thermal compression, the opening member 41 may be formed of a polyethylene 
(PE) resin material having a lower melting point than CPP. Although the melting point of PE 
varies according to the density, the PE used to form the opening member 41 generally has a 
lower melting point than the polypropylene forming a thermal adhesion layer. This arrangement 
may also be applied to all embodiments of the present invention which are explained below 

[0032] The opening member 41 may be polygon shaped, preferably in the shape of a triangle, 
as shown in FIG. 4. Here, at least one side of the triangular opening member 41 is flat to 
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provide a first end 41a. As shown in FIGS. 2 and 5, the opening member 41 is disposed such 
that the first end 41a faces the interior of the pouch casing 30, that is, the space 33, at the first 
seal portion 35a. A portion where the sealing of the first seal portion 35a is removed, is flat with 
respect to the space 33, the portion produced when the opening member 41 is melted, thus 
promoting rupturing of the first seal portion 35a thereat. 

[0033] As shown in FIG. 4, the opening member 41 promotes rupturing of the first seal portion 
35a by adjusting the angle A that is opposite the first end 41a. Generally, the angle A is in the 
range of 30 to 80°, for more effectively rupturing of the first seal portion 35a. 

[0034] The opening member 41, as shown in FIG. 5, may be disposed such that its first end 
41a is connected to an internal end of the first seal portion 35a, that is, an end facing the space 
33 of the first seal portion 35a, which makes the opening member 41 easily receive heat from 
the space 33 inside the battery and facilitates the rupture of the opening member 41 when the 
first end 41a is melted. 

[0035] Also, the opening member 41 may be disposed at a position that is less than half of the 
width L of the first seal portion 35a. If the opening member 41 occupies too much of a portion of 
the first seal portion 35a, the adhesive strength at an area where the opening member 41 is 
disposed may be considerably weakened. 

[0036] As shown in FIG. 5, the height of the opening member 41 from the first end 41a, that is, 
the thickness T of the opening member 41 in a direction perpendicular to the first seal portion 
35a, is less than half of the width L of the first seal portion 35a. The first seal portion 35a is also 
used for adjusting the adhesive strength at an area where the opening member 41 is disposed. 

[0037] The above-described opening member 41 may be modified in various manners in view 
of location, size and shape. As shown in FIG. 6, the height of the opening member 41, that is, 
the thickness thereof in a direction perpendicular to the first seal portion 35a, may be greater 
than half of the width L of the first seal portion 35a. In this case, however, the opening member . 
41 may be disposed under an area corresponding to half of the length L of the first seal portion 
35a. As shown in FIG. 6, the first end 41a of the opening member 41 may outreach the first 
seal portion 35a to extend toward the space 33. 
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[0038] In the case of forming small opening members, as shown in FIG. 7, two or more opening 
members 41 are arranged, thus forming a breaking portion having a predetermined width when 
melted. 

[0039] Referring to FIG. 8, the opening member may be provided in the second and third seal 
portions 35b and 35c as well as in the first seal portion 35a. The second and third seal portions 
35b and 35c are folded one or more times along dotted lines shown in FIG. 8. In this case, the 
opening member 41 is preferably disposed inward with respect to the folded lines. The same 
thicknesses and locations as described above are applied to opening members provided at 
lateral seal portions, that is, the second and third seal portions 35b and 35c. The opening 
members 41 disposed at lateral sealing portions correspond to the first and second safety vents 
40a and 40b formed at lateral faces of the electrode assembly 20, respectively. 

[0040] Although the above-described opening members are shaped to form a triangle in which 
the lengths of two sides are equal, the shape of the opening member according to the present 
invention is not limited thereto. As shown in FIGS. 9 and 10, the opening member may be 
arranged such that the longest side 42b does not face the space 33. In this case, however, the 
first end 42a facing the space 33 is preferably flat, and the angle B opposite to the first end 42a 
is preferably 30 to 80°. As described above, the height of the opening member 42, that is, the 
thickness T of the opening member 42 in a direction perpendicular to the first seal portion 35a, 
is less than half of the width L of the first seal portion 35a. The opening member 41 may be 
disposed under an area corresponding to half of the width L of the first seal portion 35a. As 
shown in FIGS. 9 and 10, two or more opening members 42 may be serially disposed to 
promote rupturing thereat. 

[0041] The invention has been, for convenience, described with regard to a safety vent using a 
triangular opening member, but it is not so limited. As shown in FIG. 1 1, the safety vent 40 
according to the present invention may have a rhombic opening member 43, and may have 
various shapes in other types of opening members. As shown in FIG. 12, a circular or elliptical 
opening member 44 may be provided. As shown in FIG. 13, a semi-circular opening member 
45 may be provided. 
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[0042] Next, the operation of the opening member of the pouch type secondary battery 
according to the present invention is described. By way of example, pouch type secondary 
batteries having the opening members shown in FIGS. 2 and 5 are now described. 

[0043] When the pouch type secondary batteries shown in FIGS. 2 and 5 are 
overchargingd/overdischargingd, or exposed to high temperature, gas is produced inside the 
batteries, resulting in volumetric expansion of the batteries, as shown in FIG. 14. Swelling of an 
electrolytic solution further increases such volumetric expansion of the batteries. If expansion of 
a battery is continued, fire and explosion may occur inside the battery. Thus, it is necessary to 
exhaust the internal gas of the battery before fire and explosion occur. 

[0044] As described above, the internal pressure and temperature of a battery increase when 
gas is released inside the battery. According to the present invention, if the internal temperature 
of the battery rises to a predetermined temperature to reach a melting point of the opening 
member 41 of the safety vent 40, the opening member 41 is melted and a space occupied by 
the opening member 41 becomes empty. As the space of the opening member 41 is 
unoccupied, the adhesion width of the first seal portion 35a in the safety vent 40 is thinner than 
that of the other portion, and the adhesion strength thereof is lowered. Accordingly, as shown in 
FIG. 15, a portion corresponding to the space occupied by the opening member 41 in the safety 
vent 40 ruptures, and the internal gas of the battery is exhausted through the ruptured portion, 
thus preventing fire and explosion of the battery. 

[0045] The above-described opening member interposed between adhesion layers of a pouch 
casing is made of a different material from the material used in the adhesion layers. Thus, 
interposing the opening member between the adhesion layers weakens the adhesion strength 
of a seal portion having the opening member. Accordingly, the seal portion having the opening 
member ruptures more easily than the other portions, thus preventing explosion and fire of the 
battery. 

[0046] As described above, the present invention has, among others, the following advantages. 
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[0047] First, since the thermal stability of a battery is improved, it is possible to prevent 
explosion and fire of the battery during use under a high temperature condition or thermal 
runaway of the battery. 

[0048] Second, battery safety can be ensured even when the internal gas pressure is 
excessively high due to swelling during overcharging, internal short-circuit, or the like. 

[0049] Third, since the battery safety is effectuated by a simple structure, the manufacturability 
of the battery is enhanced. 

[0050] While this invention has been particularly shown and described with reference to 
preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and scope of 
the invention as defined by the appended claims. 
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